GROUND-WATER CONTAMINATION AT WURTSMITH
AIR FORCE BASE, MICHIGAN

By J. R. Stark, T. R. Cummings, and F. R. Twenter

U.S. GEOLOGICAL SURVEY

Water Resources Investigations Report 83-4002

Prepared in cooperation with the

U.S. AIR FORCE

Lansing, Michigan

1983




UNITED STATES DEPARTMENT OF THE INTERIOR

JAMES G. WATT, Secretary

{
GEOLOGICAL SURVEY |

|
Dallas L. Peck, Direc#or

|

For additional information
write to:

District Chief

U.S. Geological Survey

6520 Mercantile Way, Suite 5
Lansing, Michigan 48910

—r

Copies of this report can
be purchased from:

Open-File Services Section
Western Distribution Branch
U.S. Geological Survey

Box 25425, Federal Center
Denver, Colorado 80225
(Telephone: (303) 234-5888)



AbStraCt---=====mm == m e e e m e eeo—m oo
Introduction--==--==-==--c--=--c--cm-c e emeemceme oo
Description of area----------==------=cccc-cmmeeceomooo-
Nature and scope of the problem-------------~cc-comocoooannm--
Detection of trichloroethylene in water--------------=--------
Effect of contamination on water-supply system----------------
Initial purging of aquifer---------=---cemcocmmmcmcmaonacno-
Methods of data collection and analysis----=--=--==--=c-mecmmcmmmumcannn-
Ge0logy---==-= === e e e emm e mememeccaoo-
Glacial deposits--=-=======m--mcmcem e mee o
Clay unit--==-====--cc-ccmmcce e eceemmmme oo
Sand and gravel unit-----=-=--===c-ccc-mcccommccemmoceao oo
Hydrology---=-=-=====ccmcmmmmmc e e e e e
Water table-------=---c-mmmmccccccc e cm e oo
Hydrologic properties of aquifer--------=--==-cccmcmcmmmcaanaonoo-
Hydraulic conductivity, transmissivity, and specific yield----
Horizontal hydraulic gradients and ground-water flow----------
Vertical hydraulic gradient----------=-c-cecmmcmmmcmcmancnnaa
Contamination of ground water--------==-=----ccmmmmmmm oo
Nature and significance of trichloroethylene, dichloroethylene
and benzene------~-=--c--m-c-mccc e mceoooemoeomomo oo
1,1,2-Trichloroethylene----------------------c-ccmcmoonomnnnn
1,2-Dichloroethylene---------=-----------------coomomnoooo
Benzene-----------------c---mocmomooooo- e
Origin and distribution of trichloroethylene------=--====--=--------
Building 43 plume-----------==--=-cce-mccccomnoooomeoooo oo
Removal of trichloroethylene from the Building 43 area---
Alert apron plumes--------==--=-----mc--o-mcomoo-oomomoo oo
Removal of trichloroethylene from the alert apron area---
Waste-treatment plant area------------------------------------
Northern (Perimeter Road) landfill area--------------=--~-----
1,2-Dichloroethylene, trichloroethylene, and benzene west of
Building 43---------ceocemmmmecmem e eeemcece e mo e
Benzene near bulk-fuel storage area--------------=--~---------
Removal of benzene from the bulk-fuel storage area-------
Seepage lagoon area---------=--=--------------m--o---oocooooo-
General chemical, physical, and biologic characteristics of ground
R e b
Trace metals--~--=-=-=c--cccmccmm e cmee e et
Chloride, nitrogen, phosphorous, and specific conductance-----
Chemical oxygen demand, biochemical oxygen demand, and oil
and grease----=----=---e- - s oo meo oo eoooom--ommoomo o
Fecal coliform and fecal streptococci bacteria----------------
Gross alpha and gross beta activity---------====--=-----------
Sumnary and conclusSions--=----====-=-==-=ccmc-m-mc oo mcoemomomommoem o
Selected references-----===-==-ccem--mecmm e mee e
AppendiX-----=-- === m e e e e e e -
Development and calibration of hydraulic models--------------------
Base model--------------------o--em e
Building 43 plume model----==--==ccmmcmm e e
Alert apron plume model---=--===-=----cmm o
Tables of data----=-=-==-===-=-="- oo

iii

Page

CYOWLOONVIUTUTNN



Plate 1.

Figure 1.

10.

11.

12.

13.

14.

15.

ILLUSTRATIONS

Map showing Wurtsmith Air Force Base and location of
wells, landfills, streams, and lakes----------==-===-=--

Map showing location of Wurtsmith Air Force Base in

Map showing physical features in vicinity of Wurtsmith
Air Force Base---=-------mmmmom oo

Map showing location of wells installed by the U.S.
Geological Survey in areas surrounding Wurtsmith Air
Force Base---==-====--mom oo

Map showing altitude of top of clay unit------------------

Generalized geohydrologic section showing relation of

sand and gravel unit to clay unit-------------=---------
Map showing altitude of water table and direction of
ground-water flow, September 1980----------=------"-"---

Hydrographs showing water levels in wells not significantly

influenced by pumping or changes in levels of Van Etten

Hydrographs showing water levels of Van Etten Lake and
a nearby well----------=---=---------oeeoooooeooo
Hydrograph showing water levels in well Y19D in vicinity
of pumping wells---===-==-m---mmomomommocmmm oo
Map showing simulated altitude of water table for pumping
and nonpumping conditions-------------=--------------oo-

Map showing Building 43 trichloroethylene plume, 1979-80--
Cross section showing generalized vkrtical distribution
of trichloroethylene in Building MS plume between
wells R5D,S and R18D,S, 1979-80---------==-------~--"---
Sketch map showing Building 43 spill site and locations
Of WEllS----m-m o mmmm o m e o o o
Graph showing change in trichloroethylene concentration
in water from well AF50---------- e L L LR
Graph showing change in trichloroet%ylene concentration
in water from well AF57---------- e b

iv

Page

In Pocket

10

11

13

15

16

17

20

25

26

27

28

30



Figure 16.

17.

18.

19.

20.

21.

22.
23.

24.
25.

26.

27.

28.

29.

30.

ILLUSTRATIONS--Continued

Graph showing change in trichloroethylene concentration

in water from well AF3----------=-mm-mooommmmmmomm oo

Graph showing change in trichloroethylene concentration
in water from well AFl-------eemcmmmmmm e e s
Graph showing change in trichloroethylene concentration
in water from well AF2---------mommmmmmc e e e
Map showing simulated water table resulting from pumping
from wells AF18 and AF19-----==m-emmmmmoooe e o
Graph showing effect of pumping rate on trichloroethylene
Temoval--~--~==-c--c-emmm oo s
Map showing hydrologically suitable locations for purge
wells in Building 43 trichloroethylene plume, and
altitude of water table under March 1980 conditions and
suggested purge conditionS----==-=====-===s---coaononn-
Map showing Alert Apron trichloroethylene plume, 1980-----
Map showing hydrologically suitable locations for purge
wells in Alert Apron plume, and the effects of pumping
on the water table----=-~-==-smememmocmom s
Map showing waste-treatment plant area--------------------
Map showing concentrations of trichloroethylene, dichloro-
ethylene, and benzene, and the location of wells in the
northern landfill area-----==-==--======ccmocoomuononnn-
Maps showing dichloroethylene, trichloroethylene, and
benzene in shallow wells in the northern landfill area--
Map showing water table and direction of ground-water
flow in the northern landfill area, March 1981----------
Map showing dichloroethylene concentrations in ground
water in the vicinity of Arrow Street-----~--~---e-n-nn-
Map showing concentrations of trichloroehtylene, dichloro-
ethylene, and benzene, and the locations of wells in
the central part of the Base--======---======-emmeceoom-
Map showing distribution of trichloroethylene, dichloro-
ethylene, and benzene in the central part of the Base---

Page

32

33

35

36

38
40

42

43

47

48

49

50

52

53



Figure 31.

32.

33.

34.

35.

36.

37.

38.
39.

40.
41.

42.
43,

Table 1.

ILLUSTRATIONS--Continued

Map showing water table and direction of ground-water

flow in central part of the Base----------=---~--ccco---

Map showing concentrations of benzene and location of

wells near the bulk-fuel storage area---------=---------

Map showing water table and direction of ground-water

flow near the bulk-fuel storage area-------------=-=-=---

Map showing simulated water table and direction of flow

when suggested purge wells are in operation near bulk-
fuel storage area-----------------------------oooooooo--
Map showing seepage lagoon area-----------=--=-------------

Map showing variation of dissolved-solids concentration

in ground water------=----=---c-l oo

Map showing variation of chloride concentration in

ground water----------=----------omomeoooeomeoooooo
Map showing grid used for Wurtsmith Air Force Base model--

Map showing water levels in wells and water table simu-

lated by Wurtsmith Air Force Base model, March 1980-----
Map showing grid used for Building 43 plume model---------

Map showing water levels in wells and water table simu-

lated by Building 43 plume model, March 1980------------
Map showing grid used for Alert Apron plume model---------

Map showing water levels in wells and water table simu-

lated by Alert Apron plume model, August 1980-----------

|

|

TABLES |

Analyses of trichloroethylene, dichloroethylene, and

benzene in ground water--------------------c------oo-o-o

|
Chemical, physical, and biological characteristics of

ground water------------------m--oo-oooooooooooooooo oo

Analyses of well cores, soils, and slﬁdge bed material

for hydrocarbons----------------------ommoooooooo oo

Location and identification of welns at Wurtsmith Air

Force Base----------------------- e L EELL LS EEEEE

vi

Page

54

56

57

59

61

63

64

77

78

80
81

82

Page

84



DEFINITION OF TERMS

Altitude. Vertical distance of a point or line above or below the National
Geodetic Vertical Datum of 1929. The National Geodetic Vertical Datum of
1929 (NGVD of 1929) is a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada,
formerly called mean sea level. In this report, all altitudes are above
NGVD of 1929.

Aquifer. A formation, group of formations, or part of a formation that con-
tains sufficient saturated permeable material to yield significant quan-
tities of water to wells and springs. It is also called a ground-water
reservoir.

Bedrock. Designates consolidated rocks.

Concentration. The weight of dissolved solids or sediment per unit volume of
water expressed in milligrams per liter (mg/L) or micrograms per liter

(ug/L).

Contour. An imaginary line connecting points of equal altitude, whether the
points are on the land surface, on the clay surface, or on a potenti-
ometric or water-table surface.

Divide. A line of separation between drainage systems. A topographic divide
delineates the land from which a stream gathers its water; a ground-water
divide is a line on a potentiometric or water-table surface on each side
of which the potentiometric surface slopes downward away from the line.

Equipotential line. A line in an aquifer on which every point has the same
potentiometric head. As used in this report, equipotential lines define
the water table. The value identifying a given line is the altitude of
all points on that line. '

Ground water. Water that is in the saturated zone from which wells, springs,
and ground-water runoff are supplied.

Hydraulic conductivity. The volume of water at the prevailing kinematic
viscosity that will move in unit time under a unit hydraulic gradient
through a unit area measured at right angles to the direction of flow. In°
general terms, hydraulic conductivity is the ability of a porous medium to
transmit water.

Hydrograph. A graph showing the variations of stage, flow, velocity, discharge,
or other aspect of water with respect to time.

Permeability, intrinsic. A measure of the relative ease with which a porous
mediunm can transmit a liquid under a potential gradient. It is a property
of the medium alone, and is independent of the nature of the fluid and of
the force field.

Picocurie (pCi). One trillionth (1 x 10-72) of the amount of radioactivity
represented by a curie (Ci). A curie is the amount of radioactivity that

yields 3.7 x 10!0 radioactive disintegrations per second. A picocurie
yields 2.22 dpm (disintegrations per minute).

vii



DEFINITION OF TERMS--Continued

Potentiometric surface. In aquifers, the levels to which water will rise in
tightly cased wells. More than one potentiometric surface is required to
describe the distribution of head. The water table is a particular
potentiometric surface. ‘

|

Recharge. The process by which water is infiltrated and is added to the zone
of saturation. It is also the quantity of water added to the zone of
saturation.

Runoff. That part of precipitation that appears in streams; the water draining
~ from an area. When expressed in inches, it is the depth to which an area
would be covered if all the water draining from it in a given period were
uniformly distributed on its surface.

Specific capacity. The rate of discharge of water from a well divided by the
drawdown of water level within the well.

Specific conductance. A measure of the ability of water to conduct an electric
current, expressed in micromhos (umho) per centimeter at 25°C. Because
the specific conductance is related to amount and type of dissolved material,
it is used for approximating the dissolved-solids concentration of water.
For most natural waters the ratio of dissolved-solids concentration (in
milligrams per liter) to specific conductance (in micromhos) is in the
range 0.5 to 0.8.

Specific yield. The ratio of the volume of water that the rock, after being
saturated, will yield by gravity, to the volume of rock. It is used for
water table aquifers.

Transmissivity. The rate at which water of thel prevailing kinematic viscosity
1s transmitted through a unit width of the aquifer under a unit hydraulic
gradient. ‘

Water table. That surface in an unconfined water body at which the pressure is
atmospheric. It is defined by levels at which water stands in wells.
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CONVERSION FACTORS

The inch-pound units used in this report can be converted to the metric

system of units as follows:

Multiply inch-pound unit

inches

feet (ft)

miles (mi)

square miles (mi2)

gallons (gal)

gallons per minute (gal/min)
cubic feet per second (ft3/s)

cubic feet per second per
square mile [(ft3/s)/miz2]

gallons per minute per foot
[ (gal/min)/ft]

degrees Fahrenheit (°F)

micromhos

By
25.4
0.3048
1.609
2.590
3.785
0.06309

28.32
0.0386

0.207

*)
1.000

To obtain metric unit

millimeters (mm)
meters (m)

kilometers (km)

square kilometers (km2)
liters (L)

liters per second (L/s)
liters per second (L/s)

liters per second per
square kilometer [(L/s)/km2]

liters per second per meter

[(L/s)/m]
degrees Celsius (°C)

microsiemens (us)

* Temperature °C = (temperature °F -32)/1.8.
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GROUND-WATER CONTAMINATION
AT WURTSMITH AIR FORCE BASE, MICHIGAN

by

J. R. Stark, T. R. Cummings, and F. R. Twenter

ABSTRACT

A sand and gravel aquifer of glacial origin underlies Wurtsmith Air Force
Base in northeastern lower Michigan. The aquifer overlies a thick clay layer
at an average depth of 65 feet. The water table is about 10 feet below land
surface in the western part of the Base and about 25 feet below land surface in
the eastern part. A ground-water divide cuts diagonally across the Base from
northwest to southeast. South of the divide, ground water flows to the Au
Sable River; north of the divide, it flows to Van Etten Creek and Van Etten
Lake. Mathematical models were used to aid in calculating rates of ground-
water flow. Rates range from about 0.8 feet per day in the eastern part of the
Base to about 0.3 feet per day in the western part. Models also were used as
an aid in making decisions regarding purging of contaminated water from the
aquifer.

In 1977, trichloroethylene was detected in the Air Force Base water-supply
system. It had leaked from a buried storage tank near Building 43 in the
southeastern part of the Base and moved northeastward under the influence of
the natural ground-water gradient and the pumping of Base water-supply wells.
In the most highly contaminated part of the plume, concentrations are greater
than 1,000 micrograms per liter. Current purge pumping is removing some of the
trichloroethylene, and seems to have arrested its eastward movement. Pumping
of additional purge wells could increase the rate of removal.

Trichloroethylene has also been detected in ground water in the vicinity
of the Base alert apron, where a plume from an unknown source extends north-
eastward off Base. A smaller, less well-defined area of contamination also
occurs just north of the larger plume. Trichloroethylene, identified near the
waste-treatment plant, seepage lagoons, and the northern landfill area, is
related to activities and operations in these areas. Dichloroethylene and
trichloroethylene occur in significant quantities westward of Building 43,
upgradient from the major spill site. Benzene, indicative of ground-water
contamination by a fuel substance, occurs in an area northeast of the bulk-fuel
storage area. Analysis of a variety of chemical, physical, and biologic
characteristics of water on the Base indicate that there is a measurable affect
on ground-water quality from landfills, the seepage lagoon, and the waste-
treatment plant.



INTRODUCTION

The U.S. Geological Survey, at the request of the U.S. Air Force, began anl/
investigation of geologic and hydrologic conditions at Wurtsmith Air Force Base-
in September 1979. The investigation was prompted by the discovery that an
underground storage tank containing trichloroethylene (TCE) had leaked, con-
taminating Base water-supply wells. Subsequent information suggested that the
trichloroethylene had moved off-Base. A proposed plan of investigation by the
Geological Survey was incorporated in a Statement of Work prepared by the Air
Force. The major elements of the investigation were to include: (1) a deter-
mination of the rate and direction of ground-water movement, (2) a determination
of the horizontal and vertical extent of trichloroethylene contamination, (3)
an investigation of all suspected sources of ground-water contamination, including
past and present landfill areas, (4) the deve%opment of a mathematical ground-
water-flow model, and (5) a determination, for areas of contamination, of
hydrologically suitable sites for installing purge wells, and a prediction of
the quantities of water that could be withdrayn.

During the investigation, expansion of iEs scope was required. Trichloro-
ethylene in ground water, once thought to be only the result of storage tank
leakage, was found at some places on the Base to be unrelated to the initially
identified spill site. Dichloroethylene was also detected. Contamination of
ground water by a fuel substance, indicated by high concentrations of benzene,
was found. Other organic compounds were detected at scattered locations.

Description of Area

Wurtsmith Air Force Base is in Iosco County in northeastern Lower Michigan
(fig. 1). About 7,700 people live or work on the Base.

The Base is a 7-square-mile area adjacent to the commmity of Oscoda on
the west shore of Lake Huron. The land surface is a 5-mile wide plain bounded
on the west by 80-foot-high bluffs (fig. 2). 'Several small streams flow from
the bluffs and discharge into a swampy area wést of the Base.

The Au Sable River, which flows eastward and discharges into Lake Huron,
is half a mile south of the Base. The land between the Base and the river is
swampy. From the bluffs and extending 20 miles upstream, flow in the Au Sable
River is controlled by a series of dams. Van Etten Lake, northeast of the
Base, is 4 miles long and half a mile wide. The altitude of the land surface
ranges from 580 to 750 feet (fig. 2).

Mean monthly temperatures range from 21°F in January to 68°F in July. The
lowest recorded temperature is -22°F, the highest 102°F. Average annual
precipitation is 30 inches; average snowfall is 44 inches.

1/ Referred to as the ''Base' in this report.




















































































































































































































































































